This paper presents investigation of the proposed use of round beams for increasing the luminosity in colliders. The main idea of round beams is briefly discussed. Numerical simulations of round colliding beams for the Tevatron are much in favor of round beams, because they provide reduction of harmful impact of beam-beam forces on beam sizes, particles diffusion and better stability with respect to errors and imperfections.
INTRODUCTION
The essential conditions of the round beams [ . ponent of the angular momentum. Thus, the transverse motion becomes equivalent to a one dimensional (1D) motion.
Resulting elimination of all betatron coupling resonances is of crucial importance, since they are believed to cause the beam-lifetime degradation and blow-up. The reduction to 1D motion makes impossible the diffusion through invariant circles. Moreover, the beam-beam parameter for the round beams Ex,?/ = e, does not depend on s because the emittance E = n2/P is independent of the longitudinal coordinate. This leads to suppression of synchrobetatron resonances (one can find more detailed discussion of these questions in [2] [4] where proton bunch population is several times the antiproton one. The "weak" (antiproton) bunch was presented by number of test particles, while the "strong" (proton) bunch appeared as an external force of Gaussian bunch. sented by the reduction factor of R = LILO where the. bare design luminosity LO = foNPN,-/(4.rra~o~) and fo is the rate of collisions. The relevant parameters of the simulations were chosen close to the TEV33 design ones. We present here the results for the RCB scheme without rotation of betatron oscillations axis, although other schemes proposed originally for electron damping rings require such rotation, i.e. strong z -y coupling. The comparison of the different schemes is made partly in [ 2 ] .
Comparison of RBs and non-RBs. Random tune modulation.
In order to make more realistic simulations we use noisy betatron phases jumps. The reason is that the weak resonances of high orders are usually not well seen after a small number of revolutions and in order to enhance them we used a method of the Ornstein-Uhlenbeck tune modulation (see, for example [ 5 ] ) with correlation time of 100 turns. As the result, the maximum X , Y betatron amplitudes (see Fig.l ) for the non-round beams are larger than the amplitude at the RBs case. Several strong resonances are seen in the non-RB curves while the RBs perform only the size increase at v = 0.25.
Simulations with "inverse beta jimction" charge distribution. Optimum bunch length.
Everywhere above we deal with 2D motion, which can be reduced to ID motion due to the angular momentum con-servation. But 1D motion with the time-dependent Hamiltonian, generally speaking, is also stochastic, although it has more "regularity" in comparison with a general 2D motion. What we need to make the motion regular, is one more integral of motion for any value of the first one (angular momentum). It was proved in [6] , that we obtain additional integral of motion if we take the betatron tunes near integer or half-integer resonance and the longitudinal charge distribution of the strong bunch (e.g. proton one in the Tevatron) proportional to the inverse @-function (one can find additional details of this system in [2] ):
where C is a constant, p* is the P-function value at the IP.
The beam-beam interaction of the bunches with the "inverse beta function'' longitudinal charge distribution can provide integrable dynamics and better stability. We compare the behavior of such beams with the case of short round Gaussian colliding bunches at two working points. Note, that transverse sizes, bunch intensities, the weak bunch length of 15 cm and p* = 25 cm are the same in both cases. is almost constant over the bunch length P ( s ) M PO and the longitudinal distribution is a constant within the coordinate interval of f 1 / 2 and vanishes elsewhere (as well as the transverse kick) and in between of the tail of one bunch and the head of another we have the unity transformation I of the betatron variables , then one can leave out the arcs and connect kicks from all our bunches together. As here is no dependence of the force on time so this dynamical system is integrable and has no resonances, so we have an optimum in beam lifetime for presented above relation of the phase advance and bunch length. 
Asymmetry between two IPS
The degradation of the collider performance due to beambeam effects is often thought to be more significant if there are several asymmetric interaction points. Fig.4 present results of the maximum amplitude simulations for the scheme with two IPS. If one denotes the phase advance between the first IP and the second one as v and between the second one and the first one as U + A u I ,~ then the horizontal axis is for U and the vertical axis is for Ayz. The lighter areas correspond to smaller maximum betatron amplitude after 10,000 turns, the contour spacing goes as follows: (Amaz/ao)=4, 5 7 , 10, 15,20,25, 30,40,50. It is interesting to note, that over large tune space the optimum in A,,, lays out of the condition of symmetry, i.e. at A y 2 # 0. 
CONCLUSION
In this article we studied new ways to improve single particle stability in colliders. From the simulations we conclude that in the presence of the beam-beam interaction, the round beams show better particle stability and slower transverse diffusion rates than not-round beams. We also performed a search for optimum bunch length and investigated the "inverse beta-function" longitudinal distribution and found a qualitative agreement with theoretical predictions.
The model we used in our simulations is not quite adequate to the Tevatron due to some evident reasons, and for further investigations of beam-beam effects we plan to study the influence of non-linearities outside the IP, consequences of the RCBs implementation for intrabeam scattering issues and for the effects of the parasitic interactions.
